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I norganicarsenic (iAs) is a human carcinogen and associated with card iovascu lar,respi ratory,and skin diseases. 
Natural and anthropogenicsourcescontributeto low concentrationsof iAs in water, food,soil, and air.Differential 

exposureto environmental hazards in minority, indigenous,and low income populationsis considered an envi-

ronmental justice (El) concern, yet it is unclear if higher iAs exposure occurs in these populations.A systematic 

review was conducted to evaluate evidence for differential iAs exposure in the United States (US). The peer-

reviewed I iteraturewassearched for studiesthat (1) estimated iAs exposure based on envi ron mental concentra-

tions of iAs in water,food,soil, or iAsbiomarkersand (2) examined iAsexposurein minority,indigenous,and low 

income US populations.Five studies were identified that estimated exposuresand provided demographic infor-

mation about EJ populations.Thesestudiesreported arsenicconcentrationsin water,soil, or food to estimateex-

posure, with varied evidence of differential exposure. Additionally, six studies were identified that suggested 
potential arsenic exposure from environmentalsources including soil, rice, private well-water, and fish, but did 

not report data stratified by demographic information.Evidence across these 11 studies was qualitatively inte-

grated to draw conclusionsabout differential iAsexposure.The total body of evidence is limited by lack of indi-

vidual exposure measures, lack of iAs concentration data, and insufficient com parativedemographicdata. Based 

upon these data gaps, there is inadequateevidenceto conclude whether differentialexposure to iAs is an EJcon-

cern in the US. 
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1. Introduction 

Exposure to inorganicarsenic (iAs) is associated with human health 
effects including skin, lung, bladder, renal, and hepatic cancers (Chen 
et al., 1992; Chen et al., 1988; Kurttio et al., 1999; Tsai et al., 1999; 
Yang et al. 2004; Yuan et al., 2007' Hunt et al., 2014; Tsuji et al., 
2014a; Karagaset al., 2015; Roy et al., 2015), as well as non-cancer ef-
fects including diabetes mellitus, cardiovascular disease, and develop-
mental effects (Calderon et al., 2001; Chang et al., 2004, Rahman et al., 
1998; Tsai et al., 2003; Abhyankar et al., 2012; Tsuji et al., 2014b; 
Bailey et al., 2015; Davis et al., 2015; Farzan et al.. 2015a; Farzan et al., 
2015b; Kuo et al., 2015; Mendez et al., 2015; Sanders et al., 2014). 
Chronic exposure to high levels of iAs representsa global public health 
concern (Nahar et al., 2008 Nautokas et al , 2013; Huang et al., 2015). 
High concentrations of iAs in water systems (Anawar et al., 2002; 
Ghosh et al 2008) in Bangladesh,China,Taiwan and India have resulted 
in numerous health effects including premalignant skin lesions (Argos 
et al., 2004; Argos et al., 2007; De Chaudh Lin et al., 2006); blackfoot 
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disease and other cardiovascular diseases (Chen and Wang, 1990), 
and a high incidence of cancer (Chiou et al., 1995; Su et al., 2010). 

Based upon the health effects associated with iAs exposure, the US 
Environmental Protection Agency (US EPA) established a maximum 
contaminant level (ma_) of 10 pg/L arsenic (U.S. EPA, 2001). Compli-
ance with the revised arsenic standard was required by 2006 and 
water consumption is only one route of exposure; therefore, certain 
populations may still experience exposures above the MCL. Increased 
risk of exposure to environmental hazards often occurs disproportion-
ately in minority or low income populations, potentially representing 
an El concern. Guidance for assessing EJ concerns has been developed 
by the US EPA (U.S. EPA, 2013a). This technical guidance defi nes poten-
tial populations of concern as minority, low income, and indigenous 
populationsand identifies differential exposuresas a key consideration 
for developing human health risk assessments (U.S. EPA, 2013a). 

It is unclear if differential iAs exposure represents an El concern 
within the US. To addressthis potential EJconcern, a systematic review 
wasconducted to identify, evaluate, and characterizethe available data 
on differential iAs exposure in low-income, minority, and indigenous 
populations within the US. Exposure in these specific populations was 
compared to exposure in groups not identified as population groups of 

http://dx.dotorg/10.1016/j.envint.2016.01.011  
0160-4120/Publishecby Elsevier Ltd. 
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concern in the US EPA's "Draft Technical Guidance for Assessing Envi-
ron mentalJustice in RegulatoryAnalysis" (U.S EPA, 2013a). The charac-
terization of the evidence across studies evaluated formed the basis of 
the conclusions reflecting the overall level of confidence with respect 
to whether specific populations of concern experience differential iAs 
exposure. 

2. Methods 

2.1. Literaturesearch strategy 

We conducted a systematicliteraturesearch to identify the available 
data on arsenic exposure and potential populationsof concern. A study 
waseligiblefor inclusion if it exam inedarsenicexposureamong low in-
come, minority, or indigenous populations within the US. An initial 
search strategy was used to broad! ycapture I iterature related to arsenic. 
This general arsen ic I iteraturesearch accessed Pub Med, Web of Science,  

and ToxNet databaseson November 21, 2013 (Supplement 1). The liter-
ature search was periodically repeated through December 31, 2014. 

Our review is focused on populationsof concern as defined in the US 
EPA's "Draft Technical Guidance for Assessing Environ mentalJustice in 
Regulatory Analysis" (US. EPA, 2013a). Therefore, we constructed a 
list of search terms commonly used to describe low-income, minority, 
and indigenous populations (Supplement 2) to identify relevant litera-
ture. These terms were compiled from studiesduring prelim inaryanal-
yses of EJ concerns in the US. We included studies with at least one of 
these terms in either the title, abstract, or medical subject headings 
(MeSH). This approach was intended to identify studiesthat examined 
the general adult population and stratified results by race, ethnicity, or 
socioeconom icstatus. 

2.2.Study selection 

To identify potentially relevantstudiesthat focused on arsen icexpo-
sure in populations of concern we applied additional criteria to further 

48 	lies cx.t:-..u&A by foil '013 
hi'CaUNe 	 c.n,i(kred 

t,ccupzttiosal 
exposure. rural poralkitio,,,,, or  
conldl,ed no primary data 

Fig. 1. Literature search flow diagram.Arsenicpeer-reviewedstudiescontainingkey wordsforenvironmentaljusticeinthetitle,abstractor MeSH termswerescreenedfor US populations 
and differentialiAs exposure. 
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refine the literature search as detailed in Fig. 1. When the list of terms 
commonly used to describe low-income,minority,and indigenouspop-
ulations(Supplement2) wasapplied to thesesearch results,767 studies 
were identified; 397 unique studies remained once duplicate studies 
were removed. Title screening excluded 193 studies because they 
were non-English languagestudies, reviews, non-peer reviewed articles 
(e.g., gray literature), commentaries, or geochemical and engineering 
reports. At this stage, studies that focused on mechanistic data, non-
human data, or mitigation technologies were also excluded from con-
sideration using a title screen. A review of the abstracts removed an-
other 145 studies that did not have study groups within the US. This 
screening process resulted in 59 studies. Both title and abstract screen-
ing were done independently by two reviewers. 

At this point, studies were evaluated independently by two re-
viewers to identify studies for inclusion. Occupational and rural data 
that did not include socioeconomic or demographic information were 
excluded from consideration. Studies on differential iAs exposure in 
children were not considered because thisanalysisfocused on potential  

differential exposure in populations of concern, rather than life stage 
susceptibility. 

The final pool of 11 studies identified were peer-reviewed studies 
that included an internal or environmental measure of arsenicexposure 
and demographicallyorsocioeconomicallystratified resultsof a US pop-
ulation,allow ingforcomparisonof exposuresacross populationsw ithin 
the same study design. This comparative approach is used by the U.S. 
EPA to characterize populations potentially at increased risk of air 
pollutant-related health effects and increased exposures as detailed in 
Vinikoor-Imler et al. (2014) and U.S. EPA (2013b). Based upon these 
criteria, 11 studies were identified that informed the potential for differ-
ential exposure to iAs across different populationsof concern (Table 1). 

2.3. Risk of bias evaluation for individual studies 

The 11 studies identified in the I iteraturesearch were evaluated for 
risk of bias. The risk of bias evaluations were performed using a modi-
fied approach based on the National Toxicology Program's Office of 

Table 1 
Summary of individual studies. Selected findingsand datafrom the eleven identified studiesareshown.Studiesarearranged into threegroupsbased upon inorgan icarsen ic(iAs)exposu re 
measurements(direct or indirect)and demographicinformation.Within each group, thestudiesare presentedalphabeticallySelectedfindingsinformed the evaluationof differentialiAs 
exposure in populationsof concern.DMA = dimethylarsinicacid; MCL = maximum contaminantlevel. 

Study 
	

Study summary 	 Sample size 
	

Measurement of iAs Exposure 	Demographic information 
exposure 	 source 

	

Indirect iAs 	Balazs et al. 	Study of Community Water 

	

measures 	(2012) 	 Systems (CWS) 
and limited 
demographic 
information 

Dietary 	Not stratified by race or income 

Dietary 	Stratified by race (Non-Hispanic white, 
Non-Hispanic black, Hispanic, or "Other" 
including Asian, other race and 
multi-racial) and income (b$35,000 or 
435,000) 
Stratified by race (Non-Hispanic whites or 
"People of color" including Latinos and 
non-Latinos), home ownership, and 
poverty level (above or below 20CPAof the 
U.S. poverty level) 

Indirect—arsenic 
	

Soil 	 Stratified by race (White non-Hispanic, 
concentrations in 
	

African American, or Hispanic) and 
topsoil 
	

socioeconomic status ("low income") 
Indirect—arsenic 
	

Dietary 	Stratified by race (Caucasian, Black, 
concentration in 
	

American Indian, Asian, Pacific Islander, 
fish tissue 
	

Hispanic, or Other) 

Indirect—arsenic 	Environmental Stratified by race (Hispanic or 
concentrations in 	media 	Non-Hispanic) 
air, soil, house dust, 
food, beverage, and 
water 
Indirect—arsenic 	Environmental Stratified by race and income 
concentration in 	media 	(Non-minority or "Minority" consisting of 
personal and 	 White Hispanic, Black, and Others) 
environmental 
samples 
Indirect—arsenic 	Environmental Stratified by race (Mexican H ispanics, 
measured in urine 	media 	Non-Hispanic whites, and Non-Hispanic 

Blacks) and income (Poverty Index Ratio) 
Indirect—arsenic 	Environmental Stratified by race (White, Black, or other) 
concentration in 	media 	and location (Urban or Rural) 
toenail samples 

Indirect—arsenic 	Water 
concentration in 
water samples 

Indirect—arsenic 	Water 
concentration in 
water samples 

Stratified by race (American Indian/Alaska 
Native, Asian, Black or African American, 
White, Other, or Multi-racial) and income 
(424,999, $25,000-$49,999, or 450,000) 
Income information collected but not 
presented in study 

Direct iAs 
	

Gilbert-Diamond Pregnancy cohort 	 229 women 
measures 	et al. (2011) 

Wei et al. (2013) National Health and Nutrition 3207 urine 
Exam ination Study (NHAN6); samples 
2003-2006 

Direct— urinary 
concentrations of 
iAs 
Direct—urinary 
concentrations of 
iAs 

464 CWSserving Indirect—arsenic 	Water 
1,134017 people 	MCL violations 

EPA-HQ-2018-0008760045198 



12tithett 
	

'44/0441 
Diamond 
	

(2014) 
et al (2011) 

—itattinter,t 
al. (2012) 
	

et al 
(2006) 

al. (1985) 	et al. 	et al. 	al. (2013) 
(1999) 	(1999) 

Postma et Walker et 
al. (2011) 	al. (2005) 

Johnson 
et al. 
(2011) 

Selection bias 

Performance 
bias 

Attrition/ 
exclusion bias 

Detection bias 

Selective 
reporting bias 

Were the 
comparison 
groups 
appropriate? 

Did deviations 
from the study 
protocol impact 
the results? 

Were 
demographic data 

incomplete due to 
attrition or 
exclusion from 
analysis? 

Were the 
outcome 
assessors blinded 
to study group or 
exposure levels? 

Did researchers 
adjust or control 
for other 
exposures that 
are anticipated to 
bias results? 
Can we be 
confident in the 
exposure 
characterization? 

Can we be 
confident in the 
outcome 
assessment? 

Were all 
measured 
demographics 
reported? 

710 	 L Joca et al. / EnvironmentInternational92-03 (2016) 707-715 

Health Assessment and Translation (OHAT) method for conducting 
literature-bald evidence assessments (Rooney et al., 2014). The 
OHAT approach uses 15 questions to evaluate selection bias, confound-
ing bias, performancebias, attrition/exclusionbias, detection bias, selec-
tive reporting bias, and internal validity. Because our systematic review 
focused on human exposure data and our literaturesearch did not find 
any controlled human exposurestudies, we did not evaluate risk of bias 
using the OHATquestionsfor experimentalanimal or controlled human 
exposurestudies. We also did not evaluation confounding bias because 
our review is focused only on exposure and confounders impact both 
exposure and effect.The remaining 8 OHAT questions used to evaluate 
risk of bias and specific criteria for evaluating each risk of bias question 
are shown in Supplement 3. 

To evaluate risk of bias, two reviewersindependentlyevaluatedeach 
study and determined ratings (i.e., + +: definitely low risk of bias, +: 
probably low risk of bias, - : probably high risk of bias, or - - : defi-
nitely high risk of bias) for a series questions. The two reviewers 
discussedand resolvedany differencesin rati ngsentered for a particular 
OHAT question.Asummary of the risk of biasevaluationsfor each study 
isshown in Table 2.The rationalefor each risk of bias rating is detailed in  

Supplement4. The risk of biasevaluationdid not eliminatestudiesfrom 
consideration; rather, the ratings of each individual study were consid-
ered during overall evaluation of the evidence. 

2.4. Extraction of study data 

To facilitate comparative analyses, study information was organized 
into a summary evidence table that included study design, measuresof 
iAs, and selected results (Table 1). This table was developed by one per-
son and independently reviewed by two reviewers.Study design infor-
mation extracted included the outcome measures and the statistical 
and/or chemical analyses.The data extracted from each study included 
arsenic measurement methodsand demographic information reported. 
For measuresof arsenicexposure,Tab le 1 indicates direct or indirect iAs 
exposure measurements and, if available, if the measurements were 
found in biomarkerssuch as urine, toenails, or hair. For environmental 
exposurestudies, the results extracted from the studies included levels 
of inorganic arsenic in water and soil. Where available, demographic 
cha racteristics were recorded. 

Table 2 
Sum maryof risk of biasevaluationsfor individualstudies.For the elevenstudiesidentified,a risk of biasevaluation was madefor each risk of biasguestion. + + = definitely low risk of bias 
(green); + = probably low risk of bias (lightgreen); — = probably high risk of bias (light red); — — = definitely high risk of bias ( red). 

EPA-HQ-2018-0008760045199 
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Extracted data were used to group the studies for consideration. If a 
study specifically reported iAs concentrations, we refer to the findings 
as "iAs." If a study did not report iAs concentrations, we refer to the ex-
posure as "arsenic." Studies with direct measures of iAs exposure in 
humans and comparative demographics information were considered 
the most informative for our analysis. Studies with indirect measure-
mentsof human iAs exposure (e.g., environmental measures) and com-
parative demographics information, or studies with direct measures of 
human iAsexposurebut limitedcomparativedemographicinformation, 
provided supportive information for our analysis.Studies with indirect 
measurementsof human iAs exposure and insufficient comparativede-
mographic information were considered the least informative studies 
for our analysis. 

2.5. Characterizationof evidence 

The body of evidence was characterized to determine overall confi-
dence that a specifi c population had a greater risk of increased iAsexpo-
sure using an approach based on the causal framework developed the 
U.S. EPA (U.S. EPA, 2013b; Vinikoor-Imler et al., 2014). This modified 
framework was used to determine whether evidence of increased risk 
of differential iAs exposure in populations of concern (i.e., minority, 
low 	ncome, or indigenouspopulations) is adequate,suggestive, inade- 
quate, or whether there is evidence of no effect (Table 3). During the 
characterizationof the evidence, consistency acrossstudies was an im-
portant consideration, specifically with respect to the measures of iAs 
exposure. Importantly, this modified approach is not a checklist, but 
rather an integrative approach using systematicevaluationsand scien-
tific judgment to draw conclusions based upon the available evidence. 

3. Results 

3.1. Summary of studies 

The study characteristicsconsidered relevant for this review, partic-
ularly methodsto estimate iAsexposureand demographicinformation, 
are summarized in Tablet Of the eleven studies, three considered iAs 
exposure through drinking water, one considered soil exclusively, and 

Table 3 
Classcation of evidence.Thebodyof evidencewasintegratedto determineif data for dif-
ferentialiAsexposurein populationsof concern wereadequate,suggestive,inadequate,or 
evidence of no effect.Criteria for each level were developed for this review. 

Adequate 
	

There is substantial, consistent evidence to conclude that 

	

evidence 	minority, low-income, or indigenous populations are exposed to 
higher levels of iAs relative to other populations. Evidence 
includes consistency across multiple, high-quality studies that 
include direct measures of iAs exposure, either in media or 
through biomarker data, as well as sufficient demographic 
information to allow comparisons between relevant populations. 

	

Suggestive 
	

The collective evidence suggests minority, low-income, or 

	

evidence 
	

indigenous populations are exposed to higher levels of iAs 
relative to other populations, but the evidence is limited due to 
inconsistency, indirect measures of iAs exposure, and 
demographic information that allows only limited comparisons 
between relevant populations. 

	

Inadequate 
	

The collective evidence is inadequate to determine minority, 

	

evidence 
	

low-income, or indigenous populations are exposed to higher 
levels of iAs relative to other populations. The available studies 
are of insufficient quantity, quality, consistency and/or statistical 
power to permit a conclusion to be drawn. 

Evidence of no There is substantial, consistent evidence minority, low-income, 
effect 
	

or indigenous populations are not exposed to higher levels of iAs 
relative to other populations. Evidence would include 
consistency across multiple, high-quality studies that include 
direct measures of iAs exposure, either in media or through 
biomarker data, as well as sufficient demographic information to 
allow comparisons between relevant populations. 

three estimated dietary exposures to arsenic. One study examined fish 
and subsistence fishing as possible routes of arsenic exposure. Finally, 
three studies used a composite metric of arsenic exposure. Of the 
threestudiesexam ining aggregateexposure, two studies used National 
Human Exposure Assessment Survey (NHEXAS) data on arsenic mea-
sures from water, soil, and personal air. 

3.1.1.Studies with direct iAs human exposure measures 
Two studies reported direct measures of human iAs exposure. A 

study analyzing US National Health and Nutrition Examination Survey 
(NHANES) data reported differences in rice consumption and urine 
levels of iAs among "other" ethnicgroups, includingAsian and Pacific I s-
lander,supporti ng dietary ex posuresasa source of differential iAsexpo-
sure (Wei et al , 2013). Similarly, a study of pregnant women in New 
Hampshire that examined urinary iAs levels reported that rice con- 
sumption increased urinary iAs concentration ( 	.• • -Diamond et al., 
2011). Although these authors did not stratify their data with demo-
graphic information,riceconsumptionsurveyshaveshown that minor-
itiesand indigenouspopulationsconsume more rice than non-Hispanic 
whites (Bat res-M arquez et al., 2009 Cleland et al., 2009), suggesting 
differential iAs exposure from rice consumption. 

3.1.2.Studieswith indirect iAs human exposuremeasuresand demographic 
information 

Several studiesstratified arsenicexposure using demograph icinfor-
mation (Balazs et al., 2012; Diawara et al., 2006; Landolt et al., 1965; 
O'Rourke et al., 1999; Pellizzari et al., 1999). Rather than measuring in-
dividual exposures, these studies estimated individual exposure using 
measuresof arsenic in water, soil, or food.Thesestudiesdid not provide 
iAs measurements; therefore, the exposure measurements were con-
sidered indirect measures of iAs exposure. Despite the exposure mea-
sure limitations, these studies provide informative data on potential 
differential iAs exposure in populationsof concern. One study reported 
that low income populationsin theSanJoaquinVal ley ofCaliforniawere 
more likely to beserved by community watersystemswith higherarse-
nic levelsand a greater likelihoodof MCLviolations(Balazset al , 2012). 
In anotherstudy, the highestarsenicconcentrationswere found in a low 
socioeconomiccommunity in Pueblo,Colorado; however, no statistical 
relationshi p was found between topsoil arsenicconcentrationsand eth-
nicity or household income (Diawara et al 2006). Similarly, NHEXAS 
data did not find any relationship between increasedarsenicconcentra-
tions in several different environmental media and ethnicity or income 
in Arizona (O'Rourkeet al., 1999) and the Great LakesRegion (Pellizzari 
et al., 1999). In a study measuring arsenic concentrations in 
recreationally caught fish species in the Puget Sound, Landolt et al. 
(1985) observed no statistical relationship between ethnicity and con-
sumption of fish with higher arsenicconcentrations. 

One study examined the impact of socioeconomic status (SES) on 
exposure using indirect measures of iAs in individuals. Tyrrell et al. 
(2013) used urine measurestaken for the NHANESas metricsof arsenic 
exposure.The authors used linear regression between the biomonitor-
ing exposure data and the poverty index ratio (PIR) to determinethe re-
lationship between arsenic exposure and SES. Using over 7 years of 
NHANES data (from 2003 to 2010), the authors found an inverse rela-
tionship between PIR and arsenic exposure, indicating that individuals 
with higher SES had higher arsenic exposure. While this finding sug-
gests populationsof concern may not experience higher levels of expo-
sure, a limitation of th is study was use of total arsenic as the exposure 
metric. Total arsenic measures both iAs and organic arsenic. Unlike 
iAs, organic arsenic is considered relatively non-toxic (ATSDR, 2007). 
Organic arsenic exposure can occur through consumption of seafood 
(Health Canada 2006) and Tyre!l et al. reported that fish and shellfish 
consumption were mediatorsin the relationship between PIRand arse-
nic exposure (Tyrrell et al., 2013). Therefore, the inverse relationship 
betweenSES and total arsenic exposure may reflect dietary differences 

EPA-HQ-2018-0008760045200 
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between populations, with higher seafood consumption leading to in-
creased total arsenic concentrationsin higherSES populations. 

3.1.3.Studieswith indirect iAsexposuremeasuresand limited demographic 
information 

Otherstudies also suggest the potential for differential iAs exposure 
through private water supplies, but report measures of indirect iAs ex-
posure with limited or no demographic data. Private domestic wells 
are not subject to management requirements set by the Safe Water 
Drinking Act, potentially leading to increased toxicantexposure in pop-
ulations using well-water for consumption. While several studies re-
ported higher arsenic concentrations and exposure associated with 
domestic well-water consumption in rural populations throughout the 
US (Johnson et at. 2011 Postma et al., 2011; Walker et at, 2005), 
thesestudies lack information on ethnic or socioeconomicfactorsto in-
dicate differential exposure in populations of concern. 

3.2. Risk of bias evaluation for individual studies 

Risk of bias evaluations revealed that the studies did not deviate 
from the planned protocols and did not produce incomplete data due 
to attrition or exclusion (Table 2). The study investigatorswere appro-
priately blinded to exposure levels and the studies did not show selec-
tive bias in reporting demographic information. There were, however, 
some data gapsthat limited the ability of thesestudiesto inform poten-
tial for differential iAs exposure in populationsof concern. 

The identified studies generally did not provide information on the 
general population or other populations not defined as populations of 
concern within the study to compare with iAs exposure in populations 
of concern. Detection bias was present because of I i m itationsin charac-
terization of exposure. The studies generally did not report specific iAs 
concentrations or did not demonstrate direct exposure to iAs. Several 
studiesdid not control for potential bias from co-exposuresto other en-
viron mental contam inants.These I m itationsreduced confi dence in the 
exposure characterization and the ability to investigate the relationship 
between iAsexposureand demographic information. 

3.3. Evidence integration 

To evaluate the available evidence for differential iAs exposure in 
minority, low-income,or indigenouspopulations, we used an approach 
based upon the causal framework developed by the U.S. EPA for charac-
terizing populations potentially at increased risk of an environmental 
chemical exposure (U.S. EPA, 2013b; Vinikoor-Imler et al, 2014). 
Table 3 describes the specific criteria for determining the overall confi-
dence that populationsof concern are at increased risk of higher iAs ex-
posure. Two key features of this evidence integration framework 
include consistency across multiple studies with direct measures of 
iAs and sufficient demographic information to allow comparisons be-
tween relevant populations. Therefore, the available studies were 
grouped based upon iAs exposure and demographic as an initial step 
in evidence integration.Studies with indirect iAs measuresand insuffi-
cient demographic information (Johnson et al, 2011; Postma et al.. 
2011; Walker et al., 2005) lacked sufficient data to inform differential 
iAs exposure in populationsof concern and were not considered for ev-
idence integration.The remaining eight studies were evaluated for evi-
dence of differential iAs exposure in populations of concern. 

Studies with both direct measures of iAs and sufficient information 
to allow comparisons between demographic groups were considered 
most informative.Of the studies we identified, only the NHANESstudy 
measured urinary concentrations of iAs and stratified exposure data 
by race and income (Wei et at, 2013). The authors reported that rice 
consumption was higher in minority populationsand wassubsequently 
associated with increased urinary total arsenic concentrations.The au-
thors did not analyze the relationship between rice consumption and  

urinary iAs concentrations. Therefore, this study provides limited evi-
dence of differential iAs exposure in minority populations. 

Studies with direct or indirect measuresof iAsexposureand limited 
comparativedemographicinformation were consideredfor evidence of 
differential iAs exposure in populationsof concern. One study reported 
that rice consumption was associated with higher urinary iAs concen-
trations (Gilbert-Diamond et al., 2011), but did not provide demo-
graphics information. The remaining studies reported indirect 
measuresof iAs ex posure, either through measuringarsenic in environ-
mental samples (Balazset al., 2012; Diawaraet al., 2006; Landolt et al., 
1985; O'Rourke et al., 1999; Pellizzari et al., 1999) or in urine (Tyrrell 
et al., 2013). One study reported a direct relationship between income 
and arsenic exposure (Tyrrell et al., 2013), although this observation 
may reflect differencesin organic arsenic exposure from i ncreased sea-
food consumption at higher income levels.Two studies did not observe 
associations between arsenic exposure in environmental samples and 
ethnicity or income (Balazs et al., 2012; Diawara et al. 2006 Landolt 
et al., 1985 O'Rourke et al., 1999; Pellizzari et al., 1999), while three 
studies suggested increased potential for arsenic exposure in minority 
populations (Balazs et al., 2012; Diawara et al. 2006; Landolt et al., 
1985 O'Rourke et al., 1999; Pellizzari et al., 1999). Overall, these studies 
suggest that minorities have the potential for higher iAs exposures, ei-
ther through drinking water violationsor dietary differences; however, 
none of these studies provide direct evidence of increased iAs exposure 
in populationsof concern. 

As a final step in evidence integration, risk of bias evaluations were 
considered (Table 2, Supplement 4). Overall, the data are limited by ex-
posure characterization, specifically the lack of individual exposure 
measuresand measuresof iAs. Although these studies used techniques 
that could distinguish inorganicarsenicand methylatedarsenicspecies, 
the studies report measures of arsenic rather than iAs. The reviewed 
studies did not report any relationships between ethnicity or SES and 
iAsconcentrationsin variousenvironmental media; however,the stud-
ies often lacked appropriate comparison groups, limiting the ability to 
determine differential exposures in populations of concern. Based on 
the modified integration framework (Table 3), the limited availability 
of data with direct iAs exposure and comparative demographic infor-
mation, coupled with exposure characterization limitations of studies 
with indirect measures of iAs suggest there is inadequate evidence to 
determine whether populations of concern are at increased risk of dif-
ferential iAs exposure. 

4. Discussion 

4.1. Summary of evidence 

Our literature search identified eleven studies that were reviewed 
for informing the potential for differential iAs exposure in populations 
of concern.Of theseelevenstudies,eight had director indirect measures 
of iAsexposureand demographicinformation informing differentialex-
posures. Risk of bias evaluations indicated that exposure characteriza-
tion was a limitation of the reviewed literature. 

The most consistentevidence of differential iAs exposure in popula-
tions of concern from dietary consumption of rice. Studies have re-
ported a direct relationship between rice consumption and urinary iAs 
concentration (Gilbert-Diamondet al., 2011 Wei et al., 2013). Rice in-
take has been shown to vary based upon ethnicity, with minority popu-
lationsconsum i ng more rice (Batres-Marquezet al., 2009 Cleland et al , 
2009; Hu et al . 2012). Dietary arsenic is a greatercontributorto overall 
arsenic exposure than tap water consumption in certain populations 
(Thomas et at, 1999); therefore, dietary differences could contribute 
to differential iAs exposuresacross populations. 

The evidence suggests that iAs in drinking water may be another 
source of differentialexposure in populationsof concern.The data dem-
onstrate that low SES populationsare more likely to use water systems 
in violation of the ma (Balazs et al., 2012). In addition, several studies 
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have reported higherarseniclevelsfor populationsusing private, unreg-
ulated wells for drinking water consumption (Johnson et al., 2011; 
Post ma et al.. 2011; Walker et al 2005). These studies define popula-
tions as "rural" or "urban" rather than providing ethnicity or socioeco-
nomic information necessary to identify populationsof concern. These 
studiesalso use environmentalconcentrationsof arsenic to esti mateex-
posure, rather than directly measuring iAs levels in individuals, limiting 
the ability to inform differences in iAs exposure from drinking water. 

4.2. Limitations of the systematic review 

The conclusions of this systematic review are based upon the 
studies identified using the outlined search strategy. Although broad 
search terms for El were established for inclusion, the a priori litera-
ture search criteria identified a limited the number of studies; there-
fore, the conclusions may be based on incomplete data. For example, 
data from Fallon, Nevada stratifying results according to socioeco-
nomic variables was not collected in our original sample (Steinmaus 
et al., 2003). Similarly, arsenic exposure data collected as part of 
the San Luis Valley Diabetes Study (James et al., 2013) and Tar 
Creek Superfund Site studies (Ettinger et al., 2009) were not identi-
fied in the literature screen. These studies were missed was because 
the title, abstract, or MeSH terms did not contain a term on the envi-
ronmental justice keyword list (Supplement 2). In addition, searching 
using broad El criteria rather than by specific ethnic group may also 
have missed relevant data and the effect of excluding non-peer 
reviewed literature (i.e., gray literature) is unknown. The challenges 
of developing a priori literature search criteria and drawing conclu-
sions based a limited number of identified studies are important con-
siderations when adopting systematic review methods for risk 
assessment. For systematic reviews of environmental contaminants, 
an iterative search strategy may ensure identification and review of 
all relevant literature. 

The definition of populations of concern were based upon the US 
EPA's "Draft Technical Guidance for AssessingEnvironmentalJustice in 
Regulatory Analysis" (U.S. EPA, 20130), focusing the search to studies 
on low-income, minority, or indigenouspopulations.Other populations 
of interest for El concerns (Gochfeld and Burger, 2011) could include 
groups with occupational exposure, rural populations, and children. 
There is evidence that these populationsface differentialexposure to ar-
senic (Gochfeld and Burger, 2011; Knobeloch et al., 2013 Quandt et al , 
2010; Sanderset al., 2012; Takahashi et al., 1983). For example, in Wis-
consin, 940,000 rural households utilize private well water and 2.4% of 
the water supply contained concentrations of above the ma 
(Knobeloch et al., 2013). Sanderset al., 2012, performed a spatiotem po-
ral study examiningiAstrendsin private wellsin North Carolinaover an 
11-year period and found that 2.25%of wells exceeded the MCL. These 
datasuggest that rural countiesare at increased risk of higher exposures 
due to a large proportion of the population relying on private wells 
(Sanderset al 2012).0c,cupationalexposuresin the USalsosuggest po-
tential higher levelsof iAsexposure.Average urinary arsen icconcentra-
tions exceeded NHANES references values in farm workers (Quandt 
et al., 2010). Si m ilarly,significantly higher mean arsenic levels were re-
ported in wood treaters compared to the non-exposed group 
(Takahashi et al., 1983). Children are already treated as a population 
with increased risk to arsenic (U.S. EPA, 2005). It is possible that chil-
dren within populations of concern are exposed at even greater levels 
than other children based on where they live, the employment of 
their parents, and the type of food and water they are drinking 
(Gochfeld and Burger. 2011 Vogt et al , 2012). 

In the evaluated literature, exposure characterization is a limita-
tion. Because total arsenic consists of both organic arsenic and iAs, 
it is difficult to draw conclusions on differential iAs exposure when 
studies report arsenic measurements rather than iAs specifically. In 
addition, most of the studies examined arsenic exposure from envi-
ronmental media rather than individual biomarkers, further limiting  

conclusions on iAs exposure. The lack of adequate comparative de-
mographics information also limits conclusions on differential iAs ex-
posure in minority, low-income, or indigenous populations within the 
US. 

4.3. Conclusions 

This review used systematic approaches to evaluate literature on 
differential iAs exposure in minority, low-income, or indigenous pop-
ulations within the US. The use of risk of bias methods and an evi-
dence integration framework improved transparency of the 
conclusions. Selecting a priori literature search criteria, combined 
with non-iterative methods of identifying literature may have resulted 
in studies not being considered. Ensuring comprehensive literature 
identification would increase confidence in the conclusions of a sys-
tematic review. 

Thissystematic review found limited data on iAs exposure in popu-
lationsof concern.Elevatedenviron mental levelsof iAs in water and dif-
ferential dietary ex posuressuggest a potential for greater iAs exposure 
in the populationsof concern; however, the reviewed literature lacked 
iAs concentration data, information on individual exposures, and suffi-
cient comparative demographic information. Because of limited num-
ber of studies identified, as well as limitations in the study reporting, 
there is inadequateevidence to determine whether populationsof con-
cern experience differential exposure to iAs within the US. 

Supplementary data to this article can be found online at http://dx. 
doi.org/10.1016/j.envint.2016.01.011  
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Supplement 1: Search strings used in literature search of in PubMed, Web of Science and ToxNet 

databases. 

Database Search Strings 
PubMed (arsenic OR "7440-38-2" OR "inorganic arsenic" OR "monomethylarsenic" OR 

"dimethylarsenic" OR "methylarsenic" OR "monomethylarsonic acid" OR "124-58-3" OR 
"monomethylarsonous acid" OR "dimethylarsinic acid" OR "75-60-5" OR "dimethylarsinous 
acid" OR "arsenate" OR "arsenite" OR "cacodylic acid" NOT "arsenic trioxide") 

Web of 
Science 

((TS=arsenic OR TS="7440-38-2" OR TS="inorganic arsenic" OR TS=monomethylarsenic 
OR TS=dimethylarsenic OR TS=methylarsenic OR TS="monomethylarsonic acid" OR 
TS="124-58-3" OR TS="monomethylarsonous acid" OR TS="dimethylarsinic acid" OR 
TS="cacodylic acid" OR TS="75-60-5" OR TS="dimethylarsinous acid" OR TS=arsenate OR 
TS=arsenite OR TS="7784-46-5") NOT TS="arsenic trioxide" NOT WC="Geochemistry 
Geophysics" NOT WC="Physics Applied" NOT WC="Physics Condensed Matter" NOT 
WC="Materials Science Coatings Films" NOT WC=Optics NOT WC="Chemistry Physical" 
NOT WC=Mechanics NOT WC="Instruments Instrumentation" NOT WC="Engineering 
Manufacturing" NOT WC="Materials Science Characterization Testing" NOT 
WC=Electrochemistry NOT WC="Metallurgy Metallurgical Engineering" NOT 
WC="Chemistry Analytical" NOT WC="Engineering Environmental" NOT WC="Materials 
Science Multidisciplinary" NOT WC="Chemistry Inorganic Nuclear" NOT 
WC="Engineering Electrical Electronic" NOT WC="Engineering Chemical" NOT 
WC=Spectroscopy NOT WC=Crystallography NOT WC="Engineering Civil" NOT 
WC="Nanoscience Nanotechnology" NOT WC=Mineralogy NOT WC="Physics Atomic 
Molecular Chemical" NOT WC="Mining Mineral Processing" NOT WC="Energy Fuels" 
NOT WC="Materials Science Paper Wood" NOT WC="Materials Science Ceramics" NOT 
WC="Materials Science Characterization Testing" NOT WC="Physics Nuclear" NOT 
WC="Polymer Science" NOT WC=G cology NOT WC=Limnology NOT WC="Engineering 
Manufacturing" NOT WC="Agricultural Engineering" NOT WC="Engineering Mechanical" 
NOT WC="Computer Science Hardware Architecture" NOT WC="Imaging Science 
Photographic Technology") 

ToxNet 
(CASRN s) 

@AND+ @OR+ (@TERM+ @rn+7440-38-2+ @TERM+@rn+ 124-58-
3+@TERM+@rn+75-60-5+@TERM+@rn+7784-46-
5)+@NOT+"arsenic+trioxide"+@NOT+@org+"nih+reporter" 

ToxNet 
(Synonyms) 

@AND+ @OR+ (arsenic+"inorganic + arsenic" +monomethylarsenic+ dimethylarsenic+methyl 
arsenic+"monomethylarsonic+acid"+"monomethylarsonous+acid"+"dimethylarsinic+acid"+ 
"dimethylarsinous+acid"+arsenate+arsenite+arsenicals+@NOT+"arsenic+trioxide"+@NOT 
+@org+"nih+reporter" 
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Supplement 2: Terms used to identify studies relevant to minority, low-income, or 
indigenous populations 

disparities ethnic group 
socioeconomic ethnic groups 
socioeconomics justice 
sociodemographic injustice 
sociodemographics inequality 
sociocultural inequalities 
social class inequity 
social classes inequities 
disenfranchised inequitable 
disadvantaged racial 
underprivileged racism 
underserved minority 
marginalized minorities 
vulnerable impoverished 
population group poverty 
population groups low income 
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Reported on 

Section 	 PRISMA Checklist item 	 page number 	 Author Comments 

Title 

Title 
Identify the report as a systematic review, 

meta-analysis, or both. 
1 

Title indicates that manuscript is a systematic review. We did not do a 

meta-analysis. 

Abstract 

Structured 
summary 

Provide a structured summary including, 
as applicable: background; objectives; 

data sources; study eligibility criteria, 

participants, and interventions; study 

appraisal and synthesis methods; results; 

limitations; conclusions and implications 

of key findings; systematic review 

registration number. 

2 

Abstract includes information on background, objectives, data sources 

(i.e., peer reviewed literature), study eligibility criteria, study appraisal and 

synthesis methods, results, limitations, and conclusions. Participant and 

intervention information is outside the scope of this review, as it is 

focused on environmental exposure rather than human clinical trials. The 

manuscript does not have a systematic review registration number. 

Introduction 

Rationale 

Describe the rationale for the review in 

the context of what is already known. 
2-3 

The introduction captures that despite the revised arsenic standard, 

exposure above the MCL may still occur. Differential exposure is a key 

consideration for determining environmental justice implications of 

chemical exposure. 

Objectives 

Provide an explicit statement of questions 

being addressed with reference to 

participants, interventions, comparisons, 

outcomes, and study design (PICOS). 3 

Introduction includes statement indicating that the systematic review is 

identifying and evaluating evidence of differential arsenic exposure 

(exposure) in low-income, minority, and indigenous US populations 

(populations), compared to groups not considered populations of concern 

(comparison). This review considers environmental chemical exposure, so 

"exposures" were considered rather than "interventions." Similarly, 

"populations" were identified rather than "participants." 

Methods 

Protocol and 
registration 

Indicate if a review protocol exists, if and 

where it can be accessed (e.g., Web 

address), and, if available, provide 
registration information including 

registration number. 

n/a 

A review protocol, registration information, and registration number do 

not exist for this review. However, the risk of bias evaluation adapted the 

OHAT method as outlined in the methods section. The evidence 
integration approach was adapted from the U.S. EPA framework used for 

the Integrated Science Assessments, as described in the methods section. 
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Specify study characteristics (e.g., PICOS, 

length of follow-up) and report 

Eligibility criteria characteristics (e.g., years considered, 

language, publication status) used as 

criteria for eligibility, giving rationale.  

Section 2.1 Describes the literature search strategy, including the key 

terms considered. Studies had to be US populations and include at least 

one of the key terms for EJ. The rationale for selecting key terms is also 

described. The EJ key terms are provided in Supplement 2. 

Information 

sources 

Search 

Study selection 

Data collection 

process 

Data items 

Risk of bias on 

individual 

studies 

5-6 

and Table 2 

4-5 and 

Figure 2 

5-6 and 

Table 2 

3 

Describe all information sources (e.g., 

databases with dates of coverage, contact 

with study authors to identify additional 

studies) in the search and date last 

searched. 

Present full electronic search strategy for 

at least one database, including any limits 

used, such that it could be repeated. 

State the process for selecting studies 

(i.e., screening, eligibility, included in 

systematic review, and, if applicable, 

included in the meta-analysis).  

Describe method of data extraction from 

reports (e.g., piloted forms, 

independently, in duplicate) and any 

processes for obtaining and confirming 

data from investigators. 

List and define all variables for which data 

were sought (e.g., PICOS, funding sources) 

and any assumptions and simplifications 

made. 

Describe methods used for assessing risk 

of bias of individual studies (including 

specification of whether this was done at 

the study or outcome level), and how this 

information is to be used in any data 

synthesis. 

Section 2.1 indicates that PubMed, Web of Science, and ToxNet databases 

were searched from November 2013, with periodic updates through 

December 2014. 

Supplement 1 includes the search strings used for PubMed, Web of 

Science, and ToxNet 

Section 2.2 describes study selection. Figure 1 outlines the study selection 

process described in Section 2.2. Exclusion criteria and inclusion criteria 

are described. 

We did not perform a meta-analysis, so data extraction was not necessary 

for our qualitative evaluation. In response to reviewer comments and to 

clarify how studies were considered, we present key study details in Table 

2. Data extraction is described in Section 2.4. 

Section 2.4 describes the types of data examined, including measures of 

iAs and selected results. For measures of arsenic exposure, Table 2 

includes the species of arsenic and, if available, recorded levels of iAs 

found in biomarkers such as urine, toenails, or hair. For environmental 

exposure studies, the results information included levels of inorganic 

arsenic in water and soil. Where available, demographic characteristics 

were recorded. Selected findings were considered informative for 

evaluating evidence of differential iAs exposure 

Section 2.3 describes the risk of bias evaluation for individual studies. The 

OHAT approach was used to evaluate risk of bias. OHAT questions specific 

for experimental animal or controlled human exposure studies were not 

evaluated because the literature search was limited to human studies and 

no controlled human exposure studies were identified. Criteria used to 

evaluate each OHAT risk of bias question are provided in Figure 2. 

Supplement 

Figure 1 

4 and 

Figure 1 
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Summary 	State the principal summary measures 

measures 	(e.g., risk ratio, difference in means). 

Table 2 provides the selected findings of each study, as well as the 

measurements of iAs and demographics information 

Describe the methods of handling data 

and combining results of studies, if done, 

including measures of consistency (e.g., 12) 

for each meta-analysis. 

Specify any assessment of risk of bias that 

may affect the cumulative evidence (e.g., 

publication bias, selective reporting within 

studies). 

Describe methods of additional analyses 

(e.g., sensitivity or subgroup analyses, 

meta-regression), if done, indicating 

which were pre-specified. 

Give numbers of studies screened, 

assessed for eligibility, and included in the 

review, with reasons for exclusions at 

each stage, ideally with a flow diagram. 

For each study, present characteristics for 

which data were extracted (e.g., study 

size, PICOS, follow-up period) and provide 

the citations. 

Present data on risk of bias of each study 

and, if available, any outcome level 

assessment 

For all outcomes considered (benefits or 

harms), present, for each study: (a) simple 

summary data for each intervention group 

(b) effect estimates and confidence 

intervals, ideally with a forest plot. 

Present results of each meta-analysis 

done, including confidence intervals and 

measures of consistency 

We did not perform a meta-analysis or quantitatively combine study data. 

We did not evaluate risk of bias across studies, but used the individual risk 

of bias evaluations to inform conclusions based on the cumulative 

evidence. We did not evaluate publication bias, but the risk of bias 

evaluation indicated that exposure characterization was the largest data 

gap. 

We did not perform a meta-analysis or additional quantitative analysis on 

the data. 

Figure 1 is a flow-diagram indicating the number of studies identified in 

the initial "general" search and the process to identify studies for this 

review. The number of studies excluded, as well as the reasons for 

exclusion, are provided in Figure 1, as well as in Section 2.2. 

Table 2 summarizes the data extracted from the identified studies. 

Table 1 summarizes the risk of bias evaluations for each individual study. 

For each individual study, Supplement 3 provides the rationale for risk of 

bias rankings for the 10 OHAT questions. 

The results of individual studies specific to this systematic review are 

summarized in Section 3.2 and in Table 2. This review focused on 

environmental exposures, so interventions were not applicable. Similarly, 

the health effects associated with exposure were not evaluated in this 

review; therefore, effect estimates were not applicable. 

We did not do a meta-analysis. 

Table 1 and 

Supplement 3 

4 and 

Figure 1 

7-9 and 

Table 2 

Table 2 

n/a 

n/a 

n/a 

n/a 

3 
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analyses 

Results 

Study selection 

Study 
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Risk of bias 

within studies 

Results of 

individual 
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Synthesis of 
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n/a 

n/a 

We did not do a risk of bias evaluation across the body of evidence; 

however, we used risk of bias evaluations from individual studies to 

identify data gaps and inform our conclusions. 

We did not do an additional quantitative analyses of the data. 

 

Present results of any assessment of risk 

of bias across studies 

Give results of additional analyses, if done 

(e.g., sensitivity or subgroup analyses, 

meta-regression). 

Summary of 

evidence 

Limitations 

Conclusions 

Funding 

Summarize the main findings including the 

strength of evidence for each main 

outcome; consider their relevance to key 

groups (e.g., healthcare providers, users, 

and policy makers).  

Discuss limitations at study and outcome 

level (e.g., risk of bias), and at review-level 

(e.g., incomplete retrieval of identified 

research, reporting bias).  

Provide a general interpretation of the 

results in the context of other evidence, 

and implications for future research. 

10-11 

11-12 

12 

Section 4.1 summarizes the main findings of the studies, drawing overall 

conclusions and identifying data gaps. 

Section 4.2 describes the limitations in the study, including the literature 

search, lack of direct iAs measurements, and incomplete demographic 

information. 

Section 4.3 summarizes the overall conclusions of the manuscript. 

Funding 

Describe sources of funding for the 

systematic review and other support (e.g., 

supply of data); role of funders for the 

systematic review. 

13 Section 5 provides the funding support information for the authors. 

    

Risk of bias 

across studies 

Additional 

analysis 

Discussion 

4 
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